In the paper we have focused the effect of Hematocrit on flow parameters, such as resistance, frictional resistance, and skin friction due to stenosis in the artery taking blood as non-Newtonian fluid. It has been found that resistance increases with the increasing of hematocrit level and stenosis height. It is also shown that a skin-friction increase with increasing of stenosis height and decreases with the decreasing of stenosis height. Moreover the effect of stenosis shape parameter is observed on resistance and skin-friction due to different hematocrit level. Finally we compare our result graphically.
INTRODUCTION
Atherosclerosis is the most leading causes of the death due to heart diseases and the first symptom of atherosclerotic cardiovascular disease of men and women is heart attack, so it is very impotent to study the blood flow through the stenosed arteries. Stenosis causes on the arterial wall due to the accumulation of cholesterols and fats and the abnormal growth of tissue and obstructs the blood flow easily, although the exact mechanism of the formation of stenosis is not fully understood. The buildup that results is called plaque which might be the cause of partially or totally blockage of arterial blood flow. Mathematical modeling (analytical and computational) can be used for arterial flow and which is non-invasive method of studying (Wong et. al., 2010) .
The behavior of arterial blood flow in the human body depends on the limiting value of shear rate and it varies from zero to approximately 1000 s -1 in several large arteries over a cardiac cycle (Cho and Kensey, 1991) . Taylor (1959) observed typically a non-Newtonian pulsatile flow exists at low shear rate and blood exhibits Newtonian characteristic at high shear rate in the large arteries like aorta.Low shear rate is observed in some regions such as bifurcations, stenosis and aneurysms and blood flow through stenised artery where the flow behaves non Newtonian characteristics (Leondes, 2000) . But shear rate is a function of blood composition Engineering International, Volume 3, No 2 (2015) which is dominated by hematocrit (Crowley and Pizziconi, 2005) and hematocrit can influence the blood viscosity or shear rate (Eckmann, 2000; Paut and Bissonnette, 2002) , so hematocrit plays important properties of blood flow on stenosis. Ting and Wu (2006) investigated the effect of non-Newtonian properties on the shear stress distribution acting on the surface under the physiological conditions and reported that hematocrits effects on non-Newtonian properties. Wall shear stress and effective viscosity are found to be higher due to the influence of Hematocrit under the investigation of blood flow through a tapered artery in the presence of mild stenosis (Biswas and Chakraborty, 2010) .
Some researchers (Wong et al., 2010; Blair and Spanner, 1974; Misra and Shit, 2006; Sing and Sing, 2012; Sriyab, 2014, etc.) focused that under certain conditions blood behaves like a power law fluid, Casson's fluid and Herschel-Bulkley's fluid. Wong et al., (2010) took power law fluid model as blood flow through the stenosed arteries and examined that the variability in the arterial wall geometry effects on the blood flow resistance. Halder (1985) found the maximum resistance to flow at throat of the symmetric stenosis by considering the power law fluid. Blood behaves likes a Casson's fluid in the case of moderate shear rate and that is not much of difference between Casson's and Herschel-Bulkley's fluid (Blair and Spanner, 1974) . The Herschel-Bulkley's model is of general type and results obtained by this model to derive the corresponding Newtonian fluid, Bingham fluid and also power law fluid by putting specific results for values for the parameters (Misra and Shit, 2006) . They considered Herschel-Bulkley to represent the non-Newtonian character of blood and noticed that the resistance of flow and skin-friction increase as the stenosis height increases. Pralhad and Schultz (2004) observed that the values of shear stress increase with the increasing of stenosis height and decrease with the increasing of couple stress parameters. Recently, Misra and Shit (2007) , Biswas and Chakraborty (2009) have developed mathematical models for blood flow through stenosed arterial segment, by taking a velocity slip condition at the constricted wall.Sing and Sing (2012) studied the blood flow through radially non-symmetric stenosed artery and observed that resistance to flow increases as stenosis height or yield stress increases and decrease as stenosis shape increases and they quite hematocrit effect in blood flow modeling. Sriyab (2014) investigated the resistance and skin friction by K-L method in stenosis artery in presence of non-Newtonian blood with the Casson model which showed that skin friction increases with the increasing of stenosis length but did not investigate the effect of hematocrit level.
From the above discussion, it is clear that hematocrit plays important role in the blood system. So, the objective of this study to investigate the effects of hematocrit in the blood flow system, especially on resistance and skin friction through the stenosed artery.
MATHEMATICAL FORMULATION
To analysis the non-Newtonian blood flow in the stenosed arteries, various mathematical models were developed by Forrester and Young (1970) , Misra and Shit (2007) , Biswas and Chakraborty (2009) etc. But they did not determine the hemotocrit using the above model that we want to calculate it. We assume that the vessel is straight and symmetric and the flow is steady, laminar and fully developed to investigate the flow properties of nonNewtonian fluid through stenosed artery. The constitutive equation in the one dimensional flow in an artery is of the form (Young, 1968) :
where and represent the presser at any point and shear stress of blood respectively.
The non-Newtonian behavior of blood depends on the interaction of the red blood cells (hematocrit) and hematocrit plays viscosity of blood and shear rate. The constitutive equation of blood to analysis at the significant level of hematocrit on the shear rate modeled by Wlburn-Schneck (1976) as follows:
where and are the shear strain rate and hematocrit level on the blood, and 1 , 2 , 3 , and 4 , are constant corresponding to 0.000797, 0.0608, 377.7515 and 0.00499 for whole blood analysis and =-(du/dr) is the axial velocity of blood. In the empirical constitutive Eq. (2), hematocrit is an independent variable and shear rate (non-Newtonian properties) can be investigated from different level of hematocrit. So, the above equations can be solved using flowing boundary conditions: = 0 at = , no − slip condition is finite at = 0, regularity condition
Shear rate or viscosity of the blood depends on the variability of stenosis geometry. We consider an axially symmetric and radially non-symmetric stenosis and the variation of the radius of the stenosed artery portion of the can be written as following (Singh and Singh, 2012) :
where 0 andRare the radius of the artery segment outside the stenosis and stenosis portion of the artery segment, is maximum height of the stenosis which is constant smaller then 0 and l are and length of the stenosis respectively. ≥ 2is the shape parameter of the stenosis and variation of s forms the profile given in the Fig. 1 and variation of shape parameter can be studied for changing the value of s. is the location of the stenosis. 
… (14)
In the absence of any constriction ( = 0 ) the skin-friction can be expressed as … (15) which is the skin-friction of normal artery.
In dimensionless form, the skin-friction can be expressed as 
RESULTS AND DISCUSSION
The microcirculation is the site of most of resistance to flow and skin-friction in stenosed artery, which depends on the architecture of the micro vascular network and on the rheological behavior of blood flowing through it. The effect of hematocrit on flow parameters (resistance, frictional resistance and skin friction) due to stenosis in the artery for whole blood has been studied analytically. For presenting the result graphically, the values of the parameters are consider with its range as H=20%-50%, Q=1, L=1, l=.5, d=.25, R0=.5, δ/R=0-0.5.
Resistance of blood through the blood vessels influences cardiovascular function. To obtain the resistance of blood flow through the stenosed artery, taking blood as Non-Newtonian fluid, we have used Wlburn-Schneck (1976) model for whole blood and get the resistance of blood represented by Eq. (11) analytically. In graphically representation of the resistance given Eq.(11) the effect of hematocrit on the resistance observing the hematocrit level at H=50%, 40%, 30%,20% with the variation of the stenosis height have been shown in Fig. (1) and shape parameter s=2. In this Fig. (1) we have also shown that the effect of stenosis height considering the resistance at vertical axis and stenosis height at horizontal axis for different level of hematocrit. Graphically the result shows that resistance increases with the increasing of hematocrit level and stenosis height. In Fig.(2) ,we have also presented the effect of shape parameter which shows that for increasing of shape parameter resistance increases. We have also observed from the figure that the effect of s=2, 2.25, 2.5 and 2.75 for different shaped profile of stenosis due to increase of stenosis height for hematocrit level at H=50%.
The expression of skin friction and the dimensionless form of skin friction with the effect of stenosis in the artery have been expressed by Eq. (14) and Eq. (16) of skin friction has been represented along the z axis of the artery taking shape parameter s=2 and stenosis height δ/Ro=0.5 for different levels of hematocrit. It is observed that at the initial of the stenosis skin friction is same for different level of hematocrit but it decreases with the increasing of hematocrit level and it is highly indicated at the middle of the stenosis. The skinfriction has also been sketched for different values of shape parameter s=2, 2.25, 2.5 and 2.75 for hematocrit level at H=50% which is shown in Fig. (7) .
Finally we have compared our result using Hematocrit H=50% and shape parameter s=2.5 with singh's (2010) result and Misra's (2006) result in Fig. (8) . B. Singh (2010) and Misra(2006) taken power law fluid Casson fluid (n=2/3) respectively but we take Wlburn-Schneck model for the non-Newtonian behavior of blood and we also take different stenosis model. (Misra et.al, 2006) , (B. Singh, 2010) .
